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Thrombospondin-1 (TSP-1), the most studied of a family of five extracellular glycoproteins [1] , which is expressed by cells in tissues, was first identified as a major constituent of platelet α-granules [2] . It has been implicated in essential steps of cancer progression and angiogenesis [3] . TSP-1 was identified as the first naturally occurring angiogenesis inhibitor, an activity that was initially attributed to its 140-kDa proteolytic fragment [4] , and then later located to type I repeats (TSRs) and to another region known as the procollagen domain [5] . TSRs act through the CD36 receptor on microvascular endothelial cells by inducing their apoptosis [6, 7] . Oncogenes suppress TSP-1 expression in many tumors, whereas tumor suppressor genes lead to increased secretion of the protein [8] . Experimental overexpression of TSP-1 in many in vivo models and also the naturally occurring high expression of TSP-1 in many cancer patients have been associated with a significant increase in survival rates [8] . Besides the ability to inhibit angiogenesis, the antitumoral effects of TSRs seem also to be related to the activation-latent TGF-β [9] , which may in turn lead to the inhibition of tumor growth [2] . However, other recent and even seminal reports show that TSP-1 can also favor tumor progression [10] .
In fact, TSP-1 stimulates the adhesion, migration, and invasion of tumor cells [10, 11, 12] . In certain sets of breast tumors, invasive breast cancer and stromal cells within the tumor express more TSP-1 as compared to benign lesions and normal breast tissues [13, 14] . Circulating levels of TSP-1 appear to be a marker of aggressiveness in some patients, with a positive correlation with microvessel density in tumor tissues, thus suggesting a proangiogenic effect for this protein in advanced breast cancer [15] . TSP-1 associated to the surface of breast cancer cells stabilizes tumor microaggregates and mediates tumor adhesion to endothelial monolayers [16] . Venous invasion was correlated with hepatocellular carcinoma progression and low overall survival rates in patients expressing high levels of TSP-1 in their tumors [17] . In colorectal cancer, the role of TSP-1 seems to depend on tumor stage, whereas in patients bearing primary tumors, high levels of TSP-1 correlate with higher survival rates, as compared with the group expressing low TSP-1 levels [18, 19] . The high expression of TSP-1 in patients with colorectal liver metastasis leads to poor prognosis [20] , suggesting that the protective role conferred by inhibition of angiogenesis is overcome when cancer cells spread beyond their primary niche. Thus, additional studies are clearly needed to account for the observations that TSP-1 may be inefficient or even favor malignant disease, under certain conditions. New structural and functional clues have risen from recent studies concerning the N-terminal heparinbinding domain of TSP-1, or HBD [21] . This domain was first described as bearing the high-affinity motifs for binding heparin, sulfatides, and glycosaminoglycans. Surprisingly, the HBD has been reported as proangiogenic [22, 23, 24] , by acting through various endothelial cell receptors, including α3β1, α4β1, and α9β1 integrins; cell surface-expressed calreticulin; and, as more recently reported by our group, the cell surface heparin sulfate proteoglycan, syndecan-4 [25] .
We have previously found that an immobilized 18-kDa recombinant form of HBD induced tubulogenesis by human endothelial cells from umbilical veins (HUVECs), whereas intact TSP-1 induced cell quiescence, with no detectable traits of apoptosis [24] . The soluble form of the fragment failed to exert the same effect. In our recent paper [25] , we showed that this effect was abrogated by an antibody against the ectodomain of syndecan-4. We found that two heparin-binding sequences, namely TSP Hep I and TSP Hep II, previously identified by Murphy-Ullrich et al. as focal adhesion-disrupting motifs [26] , also blocked the angiogenic effect of the TSP18 fragment, when tested as synthetic peptides. These motifs compete with the fibronectin heparin-binding motif II (FN Hep II), the site recognized by syndecan-4 in focal adhesions [27] . TSP18 and its angiogenic-derived peptides were also able to activate the cell survival Akt/PKB pathway, a response that was dependent on the upstream activation of PKC. Inhibition of PKC activation in spread cells adhering on TSP18, TSP Hep I, and TSP Hep II by selective inhibitors of PKC led to rapid cell rounding. These observations reinforce a role for TSP-1 as an inducer of the intermediate state of adhesion, an adhesive status through which cells adjust their plasticity in order to grow and/or migrate, or undergo morphological differentiation, without risk of entering into a death program triggered by cell detachment (anoikis). In support for such a pivotal role of HBD, Murphy-Ullrich's group [28] showed that the TSP Hep I motif also acts via CRT-LRP1 receptors (calreticulin/lipoprotein receptorrelated protein 1) to induce resistance to anoikis in mouse embryonic fibroblasts through the PI3K/Akt survival axis.
Although the physiological relevance of the proangiogenic activity of the HBD of TSP-1 remains to be established conclusively, its role in vascular homeostasis and tissue remodeling seems more than conceivable today. The HBD is proangiogenic in different experimental models in vivo. TSP18 induced angiogenesis when incorporated into a matrigel pellet implanted subcutaneously in nude mice (our unpublished data). This was also observed when a recombinant 28-kDa HBD was tested in the chicken chorioallantoid membrane model [22] , or when a 25-kDa native form of HBD was tested in the rabbit cornea assay [23] . Additionally, the HBD can be rapidly cleaved by several relevant proteases present in vascular, inflammatory, and tumor microenvironments [29, 30] . The HBD fragments with molecular weights ranging from 16 to 50 kDa are found in the supernatant of thrombin-activated platelets, and also detected in the conditioned media of endothelial cells in culture [29] . Moreover, it was shown that a 36-kDa HBD resulting from the cleavage of TSP-1 by ADAMST1 (a protease involved in injury repair) remains bound to the endothelial matrix [31] . Resistance to the antiangiogenic effect of TSP-1 was associated to the selection of angiogenic tumor phenotypes expressing high levels of VEGF and other angiogenic inducers, which would overcome the inhibitory effects of TSP-1 [32, 33] . Cancer and stromalderived proteases, known to prevail in tumoral microenvironments, could also contribute to the resistance by the production of important amounts of the proangiogenic HBD of TSP-1.
Regardless of the difficulty to organize this puzzle, the characterization of the TSP-1 receptors and their recognition motifs has been giving rise to new therapeutic tools. In both animal and human therapeutic strategies, TSR mimetic peptides (ABT-510 and ABT-526) are emerging as promising tools for future antitumoral strategies since they slow tumor growth by inhibiting angiogenesis [34] . Specific antagonists for α3β1 and α4β1 integrins have been developed and also represent a potential as angiogenesis-blocking drugs [3] . The identification of syndecan-4 as a new receptor mediating the proangiogenic effects of TSP-1 also brings new perspectives since mice lacking syndecan-4 exhibit significant impaired wound healing and angiogenesis [35] . Since it was shown that syndecan-4-deficient fibroblasts isolated from these animals exhibit impaired migration, it is possible that this phenotype also implicates a role for syndecan-4 null endothelial cells and their altered responses to HBD fragments generated in situ. A possible cooperation between syndecan-4 and the β1-integrins identified as receptors for HDB remains an open issue today.
